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Introduction
• The wake effect can be mitigated by using
– Pitch control
– Generator speed control
– Yaw control
as wind farm control degrees-of-freedom.
• Yaw-based wake steering 
– The intentional misalignment of the rotor plane with 
the flow to increase the power production of the 
farm.
• Wake engineering models
– Gaussian wake model
Bastankhah and Porte-Agel
• Near and far-wake regions
• Top-hat and Gaussian distribution
• 4 tuneable model parameter
– Missing effects
• The wake deflection on the downstream 
turbines
• The wake deflection on the cross-stream 
turbines
© Siemens Gamesa Renewable Energy A/S Safak Burak Altun
Objective
We aim to improve wake engineering models with 
relevant missing effects for model-based wind farm 
control. 
Introduction
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The effect on the downstream wind
turbines
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Wake deflection on the downstream wind turbines*
The effect on the downstream wind turbines
* P. Fleming et al., 2018.
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Wake Model Extension
• The wake becomes directional due to the wake steering
• Wake models could not capture this in the inflow on the downstream turbines
The effect on the downstream wind turbines
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Wake Model Extension
• The wake becomes directional due to the wake steering
• Wake models could not capture this in the inflow on the downstream turbines
Inclusion of the locally directional inflow
• Local coordinate system rotation
The effect on the downstream wind turbines
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Normalized streamwise velocity
The effect on the downstream wind turbines
26.4 %
-1.9 %
0.2 %
Power Difference  
at Turbine A3:
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The effect on the cross-stream wind
turbines
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Streamwise velocity field
The effect on the cross-stream wind turbines
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Cross-stream velocity difference between CCW 25˚ and No-yaw cases
The effect on the cross-stream wind turbines
∆𝑓 = 𝑓 𝛾 − 𝑓(0°)
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Cross-stream velocity difference between CCW 25˚ and No-yaw cases
The effect on the cross-stream wind turbines
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Cross-stream velocity difference: Row-B
The effect on the cross-stream wind turbines
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Streamwise velocity difference: 4D-Case
The effect on the cross-stream wind turbines
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Wind power density difference: CCW 25˚ Case
The effect on the cross-stream wind turbines
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Wind power density difference: CW 15˚ Case
The effect on the cross-stream wind turbines
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Power output
The effect on the cross-stream wind turbines
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Summary
© Siemens Gamesa Renewable Energy A/S Safak Burak Altun
20
Summary
• Interaction with downstream turbines
– Inclusion of the skewed inflow in an engineering model improves the wake 
center predictions in wake steering cases.
• Interaction of the cross-stream neighboring rows 
– Wake steering in a row results in power gain or loss in the neighboring row
– We have shown the influence of the cross-wind spacing and yaw 
misalignment angle of the turbines
– Recommendation to include the effect in the wake engineering model (Future 
work)
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Thank you!
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